In order to exploit Cr(III) coordination complexes as sensitizers in supramolecular energy-converting devices, the latter optical relays should display long-lived excited states, broad emission bands and and thus emerge as the best heteroleptic candidates for acting as sensitizers at room temperature, and below 100 K, respectively, in more complicated architectures.
INTRODUCTION
Cr(III)-containing coordination complexes have recently attracted a renewal of interest for their magnetic, redox and optical properties, which proved to be useful for various modern applications where this earth-abundant metal could advantageously replace rare ruthenium or platinum ores.
BD1,BD2
Firstly, the orbital-free magnetic moments of trivalent chromium complexes are ideally suited for rationalizing and optimizing (i) magnetic coupling, BD3, BD4, BD5, BD6 (ii) zero-field splitting BD7,BD8, BD9, BD10, BD11 and (iii) single-molecular magnet behavior BD12, BD13 implemented in polymetallic architectures. BD14, BD15, BD16, BD17 Secondly, the Cr(III) polypyridyl complexes are famous for displaying three successive ligand-centered 
Reasonably assuming comparable radiative rate constant ( 
RESULTS ANS DISCUSSIONS
Synthesis and characterization of heteroleptic ter-bidentate Cr(III) complexes. The first step of the Kane-Maguire strategy BD44, BD61 was successfully reproduced in our hands and gave the starting bipy X = -H X = -Br X = -NH 2 X = -NO 2 X = -CCH : phen : phenBr : phenNH 2 : phenNO 2 : phenAlkyn dpma material [Cr(phen)2Cl2]Cl (1), the crystal structure of which was solved and shown in Figure 1 ( Figure   S1 , Table S1 ,S2,S4 in the Supporting Information). Tables S1, S3, S5) BD63,BD88 and heteroleptic [Cr(phen)2(phenBr)](PF6)3 (3, Figure 2 ; Figure S5 and Tables S7, S8, S10) complexes after metathesis with hexafluorophosphate anions. The latter synthetic method failed when using 1,10-phenanthroline possessing weak nitrogen donors as found in 5-nitrophenantroline (phenNO2) or in more delocalized π system as found in 5-ethynyl-1,10-phenanthroline (phenAlkyn). In the latter case, reaction of [Cr(phen)2(CF3SO3)2]CF3SO3 with phenAlkyn resulted in the isolation of single crystals of off-white protonated ligand phenAlkynH (4, Figure 1 ; Figure S3 and Tables S6), together with [Cr(phen)2(H2O)(OH)](CF3SO3)2 complex (5, Figure 1 ; Figure S4 and Tables S6) as red crystals, which suggest the competitive substitution of triflate anions with water molecules. 
[Cr(phen)2(bipy)](CF3SO3)3 (9) and [Cr(phen)2(dpma)](CF3SO3)3 (10). Cr (yellow), C (grey), N (blue), O (red), Br (brown). Ellipsoids are drawn at 50 % probability. Hydrogens and counter-anions are omitted for clarity. The Δ enantiomer is represented for each complex.
In order to prevent unwanted ligand protonation and complex hydrolysis, (i) [Cr(phen)2Cl2]Cl (1) was carefully dried under vacuum, (ii) [Cr(phen)2(CF3SO3)2]CF3SO3 was immediately used after synthesis without storage and, last but not least, (iii) a sacrificial base was added during the last step for trapping the excess of trifluoromethane sulfonic acid. Pyridine, but especially sterically-constrained 2,6-lutidine was found to be well-suited for this purpose, since disastrous base-catalyzed Cr(III) complex hydrolysis could be avoided with these weak bases (Scheme 2 complexes.
With this modified procedure in hand, [Cr(phen)2(phenAlkyn)](BF4)3 (6, Figure 2 ; Figure S6 and Tables S7, S9 , S11), [Cr(phen)2(phenNO2)](CF3SO3)3 (7, Figure 2 ; Figure S7 and Tables S12, S13, S15), [Cr(phen)2(phenNH2)](CF3SO3)3 (8, Figure 2 ; Figure S8 and Tables S12, S14, S16),
[Cr(phen)2(bipy)](CF3SO3)3 (9, Figure 2 ; Figure S9 and Tables S17, S18, S20),
[Cr(phen)2(dpma)](CF3SO3)3 (10, Figure 2 ; Figure S10 and Tables S17, S19, S21) were obtained in good yields and without requiring large excess (maximum 2 eq.) of the entering N-N' ligands. All complexes were characterized by elemental analysis, ESI-MS and X-ray-diffraction studies. In all cationic complexes, the three bidentate binding units are wrapped around a pseudo-threefold axis passing through the chromium atom. Both Λ and Δ enantiomers are present in racemic proportion, which has no impact on the photophysical properties of the mononuclear heteroleptic complexes. However it should be noted that further incorporation into polymetallic architectures might provide complicated mixtures of stereoisomers. Except for [Cr(phen)2(dpma)]
3+
in 10, in which the dpma ligand introduces an unusual six-membered chelate ring, all Cr-N bond lengths (2.045(4)-2.063(4) Å) and chelate N-Cr-N bite angles (80.3(1)-81.1(1)°) are similar, this whatever the substituents bound to the phenanthroline unit.
Altogether, the [CrN6] chromophores can best be described as pseudo-octahedrons slightly compressed along the pseudo-threefold helical axis (Table S22) . As expected, BD31, BD36, BD54, BD58 the N-Cr-N bite angle in [Cr(phen)2(dpma)](CF3SO3)3 (10) is larger for dpma (85.4(1)°, six-membered chelate rings) than for phen ligand (80.0(1)°, five-membered chelate rings). The consequent increased overlap between the donor orbitals of dpma and 3d orbitals of trivalent chromium slightly shortens the Cr-N(dpma) distances (2.045(4) Å) compared with 2.067(4) Å found for the partner phen ligands, Table   S22 ). Neglecting for a while the specific peripheral substitution of the phenanthroline units, all the
[CrN6] chromophores discussed above display local close-to-D3 symmetry, except
, for which distortion from threefold symmetry becomes significant. 
BD55
Moreover, the energy gap between the half-occupied Cr-centered a1+e orbitals produces some changes in the bonding parameters between the spin-flip excited states and the ground state.
The consequent shift in the nuclear coordinates is accompanied by minor, but non-negligible Stokes shifts (≤ 38 cm A detailed analysis of the vibronic progression using an anharmonic Morse potentials for modelling the energy gap E = E(V+1)-E(V) between two adjacent vibrational levels of the ground state (ν0 is the fundamental frequency and D the ground state dissociation energy), is summarized in eq. (2). can be calculated for the ground state (Table S27 ).
BD66
The vibronic progression induced by the release in symmetry involves Cr-N stretching modes (163-182 with three (originating from the T term), respectively two (originating from the E term) components ( Figure 6 ). The splitting of the Cr( 2 E) level is corroborated by the detection of dual NIR emission at 293K ( Figure S26 ). As matter of clarity, throughout the rest of the study the O point group will be assumed for labelling energy levels. 5-aminophenathroline (phenNH2) BD77 and Di(pyrid-2-yl)(methyl)amine) (dpma) BD78 were synthetized according to literature procedures. All other chemical were purchased from commercial sources and used without further purification. Silica-gel plates (Merck, 60 F254) were used for thin-layer chromatography. Preparative column chromatography was performed using either neutral alumina gel from Fluka (Typ 507 C) 100-125 mesh or SiliaFlash Preparation of 5-bromo-1,10-phenanthroline.
BD79
1,10-phenanthroline (7 g, 38.9 mmol, 1 eq) was loaded in a heavy walled glass reaction tube equipped with a Teflon screw top fitted with a Viton Oring. The vessel was put into an ice bath and oleum (22-30%, 25 mL) and bromine (0.95 mL, 2.95 g, 18.4 mmol, 0.47 eq) were added. The mixture was heated and stirred at 135°C for 16 h. The solution was cooled to room temperature, poured into ice and neutralized with KOH. The excess bromine was destroyed with sodium thiosulfate. The mixture was extracted three times with dichloromethane (3 × 200 mL). The combined organic phase were washed twice with water (2 × 300 mL), dried over MgSO4, filtered, and evaporated to dryness, providing 8.72 g of crude product. The solid was dissolved in minimum of dichloromethane, then Et2O was added until the solution turned turbid. The flask was closed and the mixture let to crystallize overnight. The resulting solid was collected by filtration (5.51 g), and re-crystallized using the same procedure to yield pure 5-bromo-1,10-phenanthroline (4.24 g, 42 %). 7, 150.5, 146.5, 145.5, 135.7, 134.9, 129.5, 128.6, 127.7, 123.6, 123.5, 120.6 
BD80
CrCl3 anhydrous (0.56 g, 3.55 mmol, 1eq), 1,10-phenanthroline (2.00 g, 11.13 mmol, 3.1 eq), and absolute ethanol (20 mL) were introduced into a round bottom flask. The mixture was heated to reflux and three tablets of zinc (1.2 g) were added. The mixture was heated to reflux during 10 min. The produced green solid was filtered over a ptfe [Cr(phen)2Cl2]Cl (200 mg, 0.387 mmol, 1 eq), trifluoromethanesulfonic acid (2 mL), di(pyrid-2-yl)(methyl)amine) (143 mg, 0.772 mmol, 2 eq), 2,6-lutidine (90 μL, 0.772 mmol, 2 eq). Reaction time:
2h. This method afforded pure [Cr(phen)2(dpma)] (CF3SO3) mol/L). The complexes in quartz tube were dissolved in acetonitrile then degassed by freeze pump thaw, and filled with argon.
X-ray crystallography
All data were collected on a Rigaku Supernova diffractometer equipped with a CCD ATLAS detector using Mo or Cu Kα radiation. The crystals were mounted on Mitegen cryoloops and held at 180 K in the cold stream of a cryostream (oxford cryosystems). Structures were solved using the dual-space algorithm implemented in SHELXT, BD81 or using direct methods within the SIR2004 program.
BD82
They were refined using the full-matrix least-squares method on F 
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